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Abstract

BACKGROUND—It has been observed in several studies that infants with anotia/microtia are 

more common among Hispanics compared with other racial/ethnic groups. We examined the 

association between selected Hispanic ethnicity and acculturation factors and anotia/microtia in 

the National Birth Defects Prevention Study (NBDPS).

METHODS—We examined data from mothers of 351 infants with isolated anotia/microtia and 

8,435 unaffected infants from the NBDPS with an expected delivery date from 1997 to 2007. 

Sociodemographic, maternal, and acculturation factors (e.g. age, maternal education, household 

income, BMI, gestational diabetes, folic acid, smoking, alcohol intake, study center, parental 

birthplace and years lived in the United States, maternal language) were assessed as overall risk 

factors and also as risk factors among subgroups of Hispanics (US- and foreign-born) versus non-

Hispanic (NH) whites.

RESULTS—Compared to NH whites, both US- and foreign-born Hispanic mothers demonstrated 

substantially higher odds of delivering infants with anotia/microtia across nearly all strata of 

sociodemographic and other maternal factors (adjusted odds ratios (aORs) range: 2.3–8.3). The 

odds of anotia/microtia was particularly elevated among Hispanic mothers who emigrated from 

Mexico after age five (aOR=5.67, 95% CI=3.53–9.11) or who conducted the interview in Spanish 

(aOR=5.72, 95% CI=3.55–9.20).

CONCLUSIONS—We observed that certain sociodemographic and acculturation factors are 

associated with higher risks of anotia/microtia among offspring of Hispanic mothers.
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INTRODUCTION

Anotia/microtia comprises a spectrum of external ear defects that are present at birth. 

Microtia is clinically characterized as a small/malformed auricle with or without narrowing 

or absence of the external auditory canal/meatus (Carey et al., 2006). Anotia constitutes a 

total absence of the external auricle (Carey et al., 2006). Anotia/microtia can be isolated—
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without an associated defect or identifiable syndrome pattern present (25–45%) (Shaw et al. 

2004; Canfield et al., 2009a)—or associated with other birth defects (20–60%) (Kaye et al., 

1989; Mastroiacovo et al., 1995; Shaw et al., 2004), most commonly with facial clefts and 

cardiac defects (Harris et al., 1996). Additionally, across population registry studies, the 

majority of microtia cases are unilateral (79–93%) (Castilla et al., 1986, Mastroiacovo et al., 

1995, Shaw et al., 2004), with the right ear more commonly affected (Klockars et al., 2009). 

Although a limited number of studies have found some evidence that isolated microtia can 

be hereditary (Rollnick et al., 1983; Gupta and Patton, 1995; Mastroiacovo et al., 1995; 

Balci et al., 2001; Klockars et al., 2007), the majority of anotia/microtia cases are considered 

sporadic—with no family history (Mastroiacovo et al., 1995).

The prevalence of anotia/microtia varies widely across different regions/populations in the 

US (Suutarla et al., 2007), with estimates in Massachusetts, Texas, California, and Hawaii 

ranging from 1.0–3.8 per 10,000 births (Shaw et al., 2004; Forrester et al., 2005; Canfield et 

al., 2009a; Weiss et al., 2009). Both anotia and microtia have been associated with partial or 

complete reduction in hearing (Carey et al., 2006; Kelley and Scholes, 2007). Compared to 

children with normal hearing, children diagnosed with hearing loss are also at an increased 

risk for delayed language development, lower than average reading comprehension, grade 

failures, and behavioral problems (Bess et al., 1984; Karchmer and Mitchell, 2003; Kelley 

and Scholes, 2007).

Thalidomide, isotretinoin, and mycophenolate mofetil (an immunosuppressant) have a 

known teratogenic effect that includes anotia/microtia (Lynberg et al., 1990; Smithells et al., 

1992; Anderka et al., 2009). There are numerous chromosomal syndromes associated with 

ear anomalies, including trisomies 13, 18, and 21 (Mastroiacovo et al., 1995; Shaw et al., 

2004) and single gene conditions, such as Treacher Collins and branchiotorenal syndromes, 

and oculo-auriculo-vertebral spectrum (Gorlin et al., 2001). Outside of known teratogens 

and recognized genetic conditions, other potential risk factors for anotia/microtia include: 

advanced maternal age (Harris et al., 1996; Forrester et al., 2005), low maternal educational 

attainment (Shaw et al., 2004; Zhang et al., 2009), lack of folic acid intake (Ma et al., 2010), 

insulin-dependent diabetes (Mastroiacovo et al., 1995; Carey et al., 2006; Correa et al., 

2008), high parity (Mastroiacovo et al., 1995; Harris et al., 1996), high-altitude geographical 

areas (Castilla et al., 1986), urban residence (Zhu et al., 2000), and male infant sex (Harris et 

al., 1996; Canfield et al., 2009a; Paput et al., 2011).

Elevated prevalence rates for anotia/microtia have been reported across different racial/

ethnic groups, particularly among Hispanics (Castilla et al., 1986; Harris et al., 1996; Shaw 

et al., 2004; Yang et al., 2004; Husain et al., 2008; Canfield et al., 2009a), American Indians 

(Navajo Nation) (Jaffe et al., 1969; Nelson et al., 1984) and Asian/Pacific Islanders (Yang et 

al., 2004; Forrester et al., 2005). Recently, National Birth Defects Prevention Network 

(NBDPN) data from selected states (2002–2006) reported a higher prevalence of anotia/

microtia in American Indians or Alaskan Natives, Hispanics, and Asian or Pacific Islanders, 

and a lower prevalence among non-Hispanic black or African Americans as compared to 

non-Hispanic whites (Population-based Birth Defects Surveillance data from selected states, 

2009). Nativity (or place of birth) is an important indicator of ethnic heritage and a 

multifactorial marker for lifestyle characteristics (e.g., diet, maternal education, smoking, 
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and alcohol use) and adverse pregnancy outcomes (Scribner and Dwyer, 1989). One recent 

nativity-focused study found that Hispanic mothers residing in the United States who 

emigrated from Mexico/Central America were more likely to deliver babies with anotia/

microtia compared to US-born Hispanics, regardless of the number of years spent in the 

United States (Ramadhani et al., 2009). Hispanics in the United States of Mexican heritage 

share certain similarities that may differ from Hispanics who emigrated from other regions 

of the world, such as the Caribbean, and thus may contribute to the elevations of anotia/

microtia births seen specifically in this population. Many Mexican Americans show 

genomic evidence of Native American ancestry (Wall et al., 2011). An analysis examining 

single-nucleotide polymorphisms in the nonrecombining region of the Y-chromosome found 

the genetic ancestry of the Mexican population to be predominantly European (64.9%), 

followed by Native American (30.8%) and African (4.2%) (Martinez-Cortes et al., 2012). 

Alternatively, the various countries found throughout the Caribbean seem to be comprised of 

a different mixed population. For example, Cuba in their 2002 Census reported the 

following breakdown of racial groups: White (65.0%), Mulatto (Black and White ancestry) 

(23.8%), Black (10.1%), and Asian (1.0%) (Central Intelligence Agency, 2008). An 

understanding of ethnicity, nativity, and the concurrent effect of sociodemographic 

characteristics is an important step in better understanding the etiology of anotia/microtia.

The National Birth Defects Prevention Study (NBDPS), which has been collecting data 

since 1997, is the largest study in the United States to look at the causes of birth defects 

(Yoon et al., 2001). More than 30,000 women selected across ten participating states have 

been interviewed and provided detailed information on sociodemographic and acculturation 

factors, as well as an array of other maternal exposures shortly before and during pregnancy. 

These compiled interview data have given researchers the opportunity to examine defects, 

such as anotia/microtia, which have been previously difficult to study, and has also provided 

the unique opportunity to distinguish the occurrence of isolated defects from multiple 

malformations and syndromes of known etiology (Yoon et al., 2001). While some clues into 

the etiology of anotia/microtia have been previously explored (as noted above), a great deal 

of uncertainty continues to exist regarding the factors related to isolated anotia/microtia, 

particularly among high prevalence groups such as Hispanics (Klockars et al., 2009; 

Luquetti et al., 2011). This analysis aims to better understand the differences in isolated 

anotia/microtia observed across Hispanic and non-Hispanic whites in the context of several 

selected sociodemographic and acculturation factors using NBDPS data.

METHODS

The NBDPS: An Overview

The NBDPS, a large case-control study, was the primary data source used in this analysis. 

Briefly, the NBDPS was developed to improve the understanding of major structural birth 

defects by including large, ethnically and geographically diverse birth populations, 

pathogenetically homogeneous case definitions, and a range of maternal and paternal 

exposures collected using an extensive computer-assisted telephone interview (CATI) (Yoon 

et al., 2001). Ten states with ongoing population-based surveillance systems participated in 

the NBDPS, including Arkansas, California, Iowa, Massachusetts, New Jersey, New York, 
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Texas, Georgia, North Carolina, and Utah (Yoon et al., 2001). Cases were selected from 

each state’s birth surveillance system and reviewed by Centers’ clinical geneticists to 

establish eligibility using standardized protocols which included the exclusion of all 

chromosomal and single gene conditions to focus on cases of unknown etiology (Rasmussen 

et al., 2003). Approximately 30 major birth defects were eligible for inclusion in the study 

and included the following pregnancy outcomes: live births from all states, fetal deaths (all 

states except New Jersey and New York), and induced pregnancy terminations (all states 

except New Jersey, New York, and Massachusetts) (Yoon et al., 2001). Specific criteria for 

anotia/microtia case selection established by NBDPS clinicians: limited cases to those with 

microtia type II or more severe. Excluded were microtia type I, a mild structural abnormality 

without involvement of the external auditory canal, a general description of ‘small ear’ 

without description of structural abnormality, and isolated atresia or stenosis of the external 

auditory canal in the presence of a normal pinna. Isolated cases of microtia were defined 

using general NBDPS protocols as those cases with just ear abnormalities, or with only the 

presence of other minor malformations (Rasmussen et al., 2003). NBDPS controls were 

liveborn infants selected from the same base population as cases with no major 

malformations and an estimated date of delivery occurring in the same year as cases. 

Specifically, they were selected from either birth certificates (a random sample of birth 

certificates based on estimated date of delivery), or birth hospitals (a random sample of 

unaffected infants from hospital records by month and birth hospital weighted by the 

number of births per hospital per year) (Cogswell et al., 2009).

Mothers of eligible cases and controls were administered a computer-assisted telephone 

interview (CATI) taking about one hour in English or Spanish from 6 weeks to 24 months 

after her estimated due date. Approximately 460 interview questions covered a range of 

topics including: pregnancy history, maternal disease, tobacco/alcohol/illicit drug use, 

prescription and over-the-counter medications, preconceptional food intake, maternal/

paternal occupations, residence, family history, demographics, stress, and physical activity. 

Mothers were provided a pregnancy calendar to assist with questions on timing of exposures 

with the majority of questions, unless otherwise noted, covering the period from three 

months before conception to the end of pregnancy. The majority of questions were 

structured with pre-coded response lists, with a few open-ended questions allowing mothers 

to describe specific chemicals or substances she may have been exposed to (Yoon et al., 

2001).

The study protocol was approved in each state by individual institutional review boards.

Study Population: Sample Selected for Analysis

We used NBDPS case and control infants with expected dates of delivery from October 1, 

1997 through December 31, 2007. From this version of the data release, we identified 

31,827 subjects, of which 507 anotia/microtia cases and all controls (8,494) were selected. 

Two subjects missing estimated dates of delivery year were excluded from the analyses, as 

were 147 non-isolated cases (we restricted our analyses to isolated cases to ensure that none 

of our findings were affected by the presence of other major birth defects). We also 

excluded 66 subjects diagnosed with type I/II pregestational diabetes mellitus, as a recent 
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analysis found a positive association between those with type I/II diabetes and isolated 

anotia/microtia using NBDPS data (Correa et al., 2008).

Statistical Analysis

We conducted a descriptive analysis to determine the distribution of various 

sociodemographic and acculturation factors among our cases and controls. Statistically 

significant differences in these factors between cases and controls were assessed using 

Mantel-Haenszel chi-square tests of statistical independence. To assess the relationship 

between US- and foreign-born Hispanic ethnicity with anotia/microtia by sociodemographic 

factors, we examined the association between US- or foreign-born Hispanics and anotia/

microtia, using NH whites as the referent category and analysis results stratified by various 

sociodemographic and acculturation factors detailed in the following ‘Variables’ section 

below. Finally, we examined the association between individual Hispanic acculturation and 

immigration factors and anotia/microtia using five separate Hispanic acculturation groupings 

adapted from two previous NBDPS analyses (Canfield et al. 2009b; Khodr et al. 2013). A 

Cochran-Armitage test for trend was conducted on final adjusted models to test for 

associations across decreasing levels of acculturation for each of the five acculturation 

groupings. Details on the construction of the individual groupings can also be found in the 

‘Variables’ section below.

Crude and adjusted odds ratios (ORs) and corresponding confidence intervals (CIs) were 

calculated using logistic regression for each of the models and all analyses were performed 

using SAS software, version 9.3 (SAS Institute Inc., 2011).

Variables

A range of sociodemographic and acculturation variables were initially considered in our 

descriptive analysis, including: Hispanic maternal and paternal birthplace (US-, Mexico, and 

other Foreign-born) and preference of interview language. In addition to consideration in the 

descriptive analysis above, the following variables were also used in stratified analyses 

when we examined the association between US- or foreign-born Hispanics and anotia/

microtia, using NH whites as the referent category: maternal age at delivery (<25, 25–29, 

30–34, 35+ years); maternal education (<12, 12, >12 years completed); pre-pregnancy body 

mass index (BMI) (underweight, <18.5; normal, 18.5-≤24.9; overweight, 25≤-29.5; or 

obese, 30+ kilograms per meter squared [kg/m2]); infant sex (male/female); total annual 

household income (<$10,000, $10,000-$19,999, $20,000-$39,999, $40,000+); gestational 

diabetes (Yes/No); maternal alcohol intake one month prior to conception through the third 

trimester (B1P3); maternal smoking (B1P3); folic acid intake three months prior to 

conception through the first month of pregnancy (B3P1); family history of anotia/microtia 

(Yes/No); and study center.

For the Hispanic acculturation and immigration factors analysis, construction of the five 

separate acculturation groupings included the following individual factors, using NH whites 

as the referent for each model: 1) Predominant Language at Home—Hispanic Mothers: (i.) 

English; (ii.) Spanish; 2) Preference of Interview Language—Hispanic Mothers: (i.) English; 

(ii.) Spanish, {Preference of language in which the interview was conducted was based on 
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the interviewer’s assessment of the language used for the majority of the interview}; 3) 

Years Since Immigration from Mexico—Both Parents Hispanic: (i.) US-born; (ii.) Mexican-

born, 5+ years in the United States; and (iii.) Mexican-born, <5 years in the United States; 4) 

Years Since Immigration from Mexico—Hispanic Mothers: (i.) US-born; (ii.) Mexican-born, 

5+ years in the United States; and (iii.) Mexican-born, <5 years in the United States; 5) Age 

at Immigration from Mexico—Hispanic Mothers: (i.) US-born; (ii.) Mexican-born, age of 

immigration by 5; (iii.) Mexican-born, age of immigration after 5, {Age of immigration was 

calculated by subtracting the number of years since immigration from maternal age at 

delivery}. For this part of the analysis, we restricted our sample of foreign-born Hispanic 

mothers to those born in Mexico. Mothers and fathers born in other Spanish-speaking 

countries may have created an overly heterogeneous group.

Covariates included in the multivariable logistic regression models based on an a priori 

decision included: pre-pregnancy BMI, maternal age, maternal education, maternal folic 

acid supplementation (B3P1), gestational diabetes, maternal smoking or alcohol intake 

(B1P3), study center, and family history. Family history of anotia/microtia, although also 

considered to be an important covariate, was rare with only eight subjects, and therefore was 

not examined further.

Participation among NBDPS anotia/microtia cases and controls for the years 1997–2007 was 

70.0% and 65.7%, respectively. Among non-Hispanic (NH) white and Hispanic cases for the 

same years, participation was 70.4 and 63.6%, and among controls 69.8 and 61.6%, 

respectively.

RESULTS

We identified 507 cases of anotia/microtia, 360 (71%) of which were isolated, and 8,494 

controls in our dataset. After excluding subjects with pregestational type I/II diabetes and 

those missing estimated date of delivery year, our case and control counts were 351 and 

8,435, respectively. A higher percentage of isolated cases of anotia/microtia were Hispanic 

compared with controls (55.3 and 23.3%, p<0.01). Also, a lower percentage of isolated 

cases were NH black compared with controls, (2.6 and 11.3%, p<0.01). Mothers of isolated 

cases were more likely than controls to report lower education attainment (<12 years) (30.1 

versus 17.0%, p<0.01), a household income less than $10,000 (27.5 versus 18.8%, p<0.01); 

and among Hispanics, being Mexican-born (55.4 versus 45.3%, p<0.01), and speaking 

Spanish at home (74.6 versus 62.6%, p<0.01). Hispanic fathers of isolated cases were also 

more likely to be Mexican-born (57.8 versus 47.2%, p=0.02) (Table 1).

Compared to NH white mothers, we found statistically significant elevated odds of 

delivering an infant with anotia/microtia for both US- and foreign-born Hispanic mothers 

across most of the risk factors assessed, with adjusted ORs (aORs) ranging from 2.3 to 8.3 

(Table 2). Particularly noteworthy were the high aORs, with the lower limit of the respective 

confidence intervals greater than 3.0, for foreign-born Hispanics in the following 

sociodemographic categories: i.) 25–29 year olds (aOR=6.46, 95%CI=3.13–13.35); ii.) 

prepregnancy BMI in the obese range (30+ kg/m2) (aOR=8.27, 95%CI=3.25–21.01); iii.) no 

folic acid intake (B3P1) (aOR=5.78, 95%CI=3.52–9.50); iv.) reported smoking (B1P3) 
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(aOR=8.23, 95%CI=3.15–21.48); and v.) no alcohol intake (B1P3) (aOR=5.69, 

95%CI=3.58–9.03). Further, among foreign-born Hispanic mothers, considerable 

differences were noted when comparing strata within the following two groups: 1) maternal 

education—mothers completing fewer years of education (<12 years) had an aOR more than 

twice as high as mothers reporting completing more years of education (>12 years) {8.28 

versus 3.98}; and 2) prepregnancy BMI—mothers reporting a prepregnancy BMI in the 

obese range (30+ kg/m2) had an aOR more than twice as high as the aOR reported in the 

normal weight range (18.5-≤24.9){8.27 versus 3.69}. Due to small numbers, we were unable 

to assess differences among the low prepregnancy BMI group (<18.5 kg/m2) for either the 

foreign or US-born Hispanic mothers, or examine those reporting gestational diabetes or 

advanced maternal age (35+) in the US-born Hispanic group (Table 2).

For our Hispanic acculturation and immigration analysis, significantly increased odds were 

observed in all adjusted estimates for factors assessed among Hispanic parents compared to 

NH white parents (Table 3). Among Hispanic mothers specifically, we observed increasing 

risk of anotia/microtia with decreasing acculturation to the US, for maternal language 

preference and age at immigration. For example, relative to NH whites, the aOR was 2.61 

(95% CI=1.66–4.08) for English-speaking Hispanic mothers and 4.86 (95% CI=3.25–7.29) 

for Spanish-speaking Hispanic mothers. Additionally, among Mexican-born mothers, the 

aORs were 2.15 (95% CI=0.94–4.91) for those who immigrated by the age of 5 and 5.67 

(95% CI=3.53–9.11) for those immigrating after age 5 (Table 3). Cochran-Armitage trend 

test results were also found to be significant for the factors described above (p<0.05, data 

not shown).

DISCUSSION

This analysis was undertaken to gain a better understanding of the association between 

sociodemographic factors and Hispanic ethnicity and acculturation and the risk of anotia/

microtia. We focused on isolated cases for this analysis to remove the effect of other major 

defects on the results. Also, by analyzing isolated anotia/microtia, as opposed to anotia/

microtia in the presence of other defects, we were able to examine this phenotype as a 

separate entity with potentially different etiologic and pathogenetic mechanisms underlying 

its expression (Luquetti et al., 2011). Including other defects, with increased clinical 

variability, creates the possibility for an overly heterogeneous grouping with the potential to 

bias our estimates closer to the null. Across nearly all sociodemographic and acculturation 

factors, we observed substantially increased odds for anotia/microtia among infants born to 

Hispanic mothers, relative to NH whites. In particular, less-acculturated Hispanic mothers 

(e.g. those speaking predominantly Spanish or who immigrated to the United States after age 

5) had roughly a five-fold increased odds of delivering an infant with isolated anotia/

microtia.

Within strata of our selected sociodemographic factors, we found significant aOR elevations 

of isolated anotia/microtia in both US- and foreign-born Hispanics compared to NH whites. 

Although many other studies have observed elevations of anotia/microtia among Hispanic 

mothers compared to NH whites (Harris et al., 1996; Shaw et al., 2004; Yang et al., 2004; 

Canfield et al., 2009a), foreign-born Hispanics compared to US-born Hispanics (Ramadhani 
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et al., 2009; Zhu et al., 2006), and Mexican-born Hispanic mothers compared to US-born 

Hispanics (Canfield et al., 2009a), few studies have looked specifically at these associations 

restricted to isolated anotia/microtia and stratified by sociodemographic factors. Particularly 

elevated aORs among low educated and obese US- and foreign-born Hispanic mothers point 

to the need for further analyses into these specific sociodemographic groups and their 

association with anotia/microtia.

Additionally, we found that both having the NBDPS interview conducted in Spanish and, in 

particular, Spanish indicated as the language primarily spoken at home (compared to those 

indicating English), were both associated with anotia/microtia births. Two recent studies 

from Texas and California showed a Spanish language association with neural tube defects 

(Canfield et al., 2009b; Carmichael et al., 2008) among Hispanic mothers. The California 

analysis looking at markers of acculturation and risk of neural tube defects among Hispanics 

(Carmichael et al., 2008) found that women with a preference towards speaking Spanish 

were more likely to have lower education attainment, have lower incomes, and live in areas 

with higher levels of poverty, and less likely to smoke or drink compared to women 

indicating a preference for speaking English. Carmichael et al. (2008) noted the growing 

importance of considering language-based acculturation markers concurrently with other 

markers such as nativity or time since immigration in the context of birth defects analyses. A 

mixture of dietary, genetic, and/or other environmental exposures differing between more 

and less recent immigrants has been postulated in a previous study as playing a role in the 

underlying etiology of anotia/microtia (Ramadhani et al., 2009).

We also found that regardless of how many years since Mexican-born parents immigrated to 

the U.S. (<5 or 5+ years), or when they immigrated (by age 5 or after), when compared to 

NH whites, odds for anotia/microtia remained higher. Time since immigration is a little 

explored variable and may provide important insight for future studies examining birth 

defects risk patterns.

Strengths and Limitations

One limitation of this analysis is the possibility of selection bias, which may have been 

present if a significant number of case mothers who were recent immigrants refused to 

participate in the study. While participation rates among Hispanics are somewhat lower than 

non-Hispanic white mothers for the years 1997–2007 at (63.6% versus 70.4%) and (61.6% 

versus 69.9%) for cases and controls respectively, participation rates by nativity status are 

not currently compiled by the NBDPS since there are no data on nativity status available for 

non-participating mothers. Additionally, undocumented immigrant mothers born in Mexico 

may have underreported their nativity due to concerns about immigration status, although, 

assuming this underreporting was similar among cases and controls, the misclassification 

would be non-differential—biasing estimates towards the null.

Another limitation was that clinical data may be collected inconsistently across study 

centers. Defects defined as ‘microtia’ without other descriptions were included in the study 

despite the possibility that the term may represent a wide variety of physical manifestations. 

The possibility exists that some anotia/microtia cases that would not otherwise meet the 

study inclusion criteria could not be excluded due to limited information from various study 
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sites. Additionally, computer-assisted interviews were conducted between 6 and 24 months 

after the expected date of delivery. Among controls, the median time from date of delivery 

to interview completion was approximately 8 months, and for cases, slightly longer at 11 

months. Most of the exposures that we assessed in this study were factors that are easy for 

the mother to recall such as race, level of education and whether or not she has ever been 

diagnosed with diabetes. Some exposures, however, such as folic acid and alcohol intake, 

may have been difficult for some mothers to recall. Assuming case and control mothers had 

similar issues recalling past exposures, however, misclassification would bias estimates 

towards the null. The NBDPS minimizes this type of bias by administering the same 

standard questionnaire to all study participants.

Other limitations of the analysis included our inability to explore the impact of acculturation 

among other Hispanic subgroups, such as those from Central and South America, due to 

insufficient sample sizes. Some of these results are therefore generalizable only to Mexican 

immigrants. Additional important acculturation variables, such as grandparent nativity, 

social and community support networks, familial assimilation, specific dietary information 

over extensive periods of time, and religious belief systems, were not collected by the 

NBDPS, and limited our assessment of acculturation among our Hispanic subgroups. A 

recent analysis examining ‘familial support’ in foreign versus US-born pregnant Latinas 

found that higher social support was associated with more positive birth outcomes among 

foreign-born Latinas only (Campos et al., 2008). The use of a 10-item ‘Familialism Scale’ is 

presented and may be a useful guide for future analyses on acculturation and birth defects 

specifically. Additionally, acculturative stress, defined as, ‘reactions to intercultural contact 

or the cultural adaptation process’ (Berry et al., 2006), including pressures to learn new 

languages and balancing different cultural values in new environments, may help explain 

our results. Accurately capturing and further adjusting for an ‘acculturation stress’ proxy 

variable may have attenuated our findings in the least acculturated groups we examined.

Despite these limitations, using NBDPS data allowed us to include clinically verified and 

classified diagnoses of a large sample of isolated anotia/microtia cases to examine the 

degree of acculturation alongside other important risk factors. This analysis also assessed 

multiple factors for acculturation in Hispanic subgroups while controlling for a range of 

selected potential risk factors. Number of years since moving to the U.S., in particular, has 

been examined in previous analyses assessing acculturation and has been found to produce 

more consistent results than other measures of acculturation, such as more psychometrically 

defined acculturation constructs including attitudes about ethnic identity, familism, 

traditionalism, and cultural knowledge (Escobar et al., 2000). In addition, this study allowed 

for a large, diverse population-based sample of both cases and controls. As Hispanics 

currently comprise the largest minority group in the US, with the highest birth and 

immigration rates of any minority group (U.S. Department of Commerce Economics and 

Statistics Administration, 2007), it is important to continue to examine a variety of co-

occurring factors that may lead to the unequal expression of birth defects within this 

particular ethnic group.

In conclusion, we explored a variety of factors implicated in odds of having an infant with 

isolated anotia/microtia. As anotia/microtia births appear to be more common in Hispanics 
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than NH whites, we found that certain sociodemographic and acculturation factors 

contribute disproportionately to the elevated anotia/microtia births observed among Hispanic 

parents.

ACKNOWLEDGEMENTS

This publication was supported in part through a cooperative agreement (U01DD000494) between the Centers for 
Disease Control and Prevention and the Texas Department of State Health Services (DSHS). We thank the 
California Department of Public Health Maternal Child and Adolescent Health Division for providing data for these 
analyses as well as all other participating centers in the NBDPS. The authors also appreciate the assistance of Mrs. 
Katie Tengelsen, who helped with editing the manuscript, and Dr. Zeina Khodr, who assisted with the creation of 
the age at immigration variable. The findings and conclusions in this report are those of the authors and do not 
necessarily represent the official position of the the Centers for Disease Control and Prevention or the California 
Department of Public Health.

REFERENCES

Anderka MT, Lin AE, Abuelo DN, et al. Reviewing the evidence for mycophenolate mofetil as a new 
teratogen: case report and review of the literature. Am J Med Genet A. 2009; 149A:1241–1248. 
[PubMed: 19441125] 

Balci S, Boduroglu K, Kaya S. Familial microtia in four generations with variable expressivity and 
incomplete penetrance in association with type I syndactyly. Turk J Pediatr. 2001; 43:362–365. 
[PubMed: 11765172] 

Bess FH, Tharpe AM. Unilateral hearing impairment in children. Pediatrics. 1984; 74:206–216. 
[PubMed: 6462820] 

Berry, JW. Acculturative stress. In: Wong, PTP.; Wong, LCS., editors. Handbook of multicultural 
perspectives on stress and coping. Langley, BC: Springer; 2006. p. 287-298.

Campos B, Schetter CD, Abdou CM, et al. Familialism, social support, and stress: positive 
implications for pregnant Latinas. Cultur Divers Ethnic Minor Psychol. 2008; 14:155–162. 
[PubMed: 18426288] 

Canfield MA, Langlois PH, Nguyen LM, et al. Epidemiologic features and clinical subgroups of 
anotia/microtia in Texas. Birth Defects Res A Clin Mol Teratol. 2009a; 85:905–913. [PubMed: 
19760683] 

Canfield MA, Ramadhani TA, Shaw GM, et al. Anencephaly and spina bifida among Hispanics: 
maternal, sociodemographic, and acculturation factors in the National Birth Defects Prevention 
Study. Birth Defects Res A Clin Mol Teratol. 2009b; 85:637–646. [PubMed: 19334286] 

Carey, JC.; Park, SAH.; Muntz, HR. External ear. In: Stevenson, ED.; Hall, JG.; Goodman, RM., 
editors. Human malformations and related anomalies. 2nd ed. Oxford: Oxford University Press; 
2006. p. 329-335.

Carmichael SL, Shaw GM, Song J, et al. Markers of acculturation and risk of NTDs among Hispanic 
Women in California. Birth Defects Res A Clin Mol Teratol. 2008; 82:755–762. [PubMed: 
18985703] 

Castilla EE, Orioli IM. Prevalence rates of microtia in South America. Int J Epidemiol. 1986; 15:364–
368. [PubMed: 3771073] 

Central Intelligence Agency. The World Factbook: Cuba. 2008. Updated March 7, 2008, Retrieved 
May 9, 2014, from https://www.cia.gov/library/publications/download/download-2008/

Cogswell MR, Bitsko RH, Anderka M, et al. Control selection and participation in an ongoing, 
population-based, case-control study of birth defects: the National Birth Defects Prevention Study. 
Am J Epidemiol. 2009; 170:975–985. [PubMed: 19736223] 

Correa A, Gilboa SM, Besser LM, et al. Diabetes mellitus and birth defects. Am J Obstet Gynecol. 
2008; 199:237e1–239. [PubMed: 18674752] 

Escobar J, Vega W. Mental health and immigration’s AAAs: Where are we and where do we go from 
here? J Nerv Ment Dis. 2000; 188:736–740. [PubMed: 11093375] 

Hoyt et al. Page 10

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Forrester MB, Merz RD. Descriptive epidemiology of anotia and microtia, Hawaii, 1986–2002. 
Congenit Anom (Kyoto). 2005; 45:119–124. [PubMed: 16359491] 

Gorlin, RJ.; Cohen, MM.; Hennekam, RCM. Syndromes of the head and neck. Oxford, New York: 
Oxford University Press; 2001. 

Gupta A, Patton MA. Familial microtia with meatal atresia and conductive deafness in five 
generations. Am J Med Genet. 1995; 59:238–241. [PubMed: 8588593] 

Harris J, Kallen B, Robert E. The epidemiology of anotia and microtia. J Med Genet. 1996; 33:809–
813. [PubMed: 8933331] 

Husain T, Langlois PH, Sever LE, et al. Descriptive epidemiologic features shared by birth defects 
thought to be related to vascular disruption in Texas, 1996–2002. Birth Defects Res A Clin Mol 
Teratol. 2008; 82:435–440. [PubMed: 18383510] 

Jaffe BF. Incidence of ear disease in Navajo Indians. Laryngoscope. 1969; 79:2126–2134. [PubMed: 
5362681] 

Karchmer, M.; Mitchell, R. Demographic and achievement characteristics of deaf and hard of hearing 
students. In: Marchark, M.; Spencer, P., editors. Oxford handbook of deaf studies, language, and 
deaf education. New York: Oxford University Press; 2003. p. 21-27.

Kaye C, Rollnick BR, Hauck WW, et al. Microtia and associated anomalies: statistical analysis. Am J 
Med Genet. 1989; 34:574. [PubMed: 2624271] 

Kelley PE, Scholes MA. Microtia and congenital aural atresia. Otolaryngol Clin North Am. 2007; 
40:61–80. [PubMed: 17346561] 

Khodr ZG, Lupo PJ, Canfield MA, et al. Hispanic ethnicity and acculturation, maternal age and the 
risk of gastroschisis in the National Birth Defects Prevention Study. Birth Defects Res A Clin Mol 
Teratol. 2013; 97:538–545. [PubMed: 23729355] 

Klockars T, Rautio JR. Embryology and epidemiology of microtia. Facial Plastic Surgery. 2009; 
25:145–148. [PubMed: 19809944] 

Klockars T, Suutarla S, Kentala E, et al. Inheritance of microtia in the Finnish population. Int J Pediatr 
Otorhinolaryngol. 2007; 71:1783–1788. [PubMed: 17868909] 

Luquetti DV, Heike CL, Hing AV, et al. Microtia: epidemiology and genetics. Am J Med Genet Part 
A. 2011; 158A:124–139. [PubMed: 22106030] 

Lynberg MC, Khoury MJ, Lammer EJ, et al. Sensitivity, specificity, and positive predictive value of 
multiple malformations in isotretinoin embryopathy surveillance. Teratology. 1990; 42:513–519. 
[PubMed: 2278026] 

Ma C, Carmichael SL, Scheuerle AE, et al. Association of microtia with maternal obesity and 
periconceptional folic acid use. Am J Med Genet A. 2010; 152:2756–2761. [PubMed: 20949601] 

Martinez-Cortes G, Salazar-Flores J, Fernandez-Rodriguez LG, et al. Admixture and population 
structure in Mexican-Mestizos based on paternal lineages. J of Hum Genetics. 2012; 57:568–574. 
[PubMed: 22832385] 

Mastroiacovo P, Corchia C, Botto LD, et al. Epidemiology and genetics of microtia-anotia: A registry 
based study on over one million births. J Med Genet. 1995; 32:453–457. [PubMed: 7666397] 

Nelson SM, Berry RI. Ear disease and hearing loss among Navajo children – a mass survey. 
Laryngoscope. 1984; 94:316–323. [PubMed: 6700346] 

Paput L, Banhidy F, Czeizel AE. Maternal characteristics and birth outcomes of pregnant women who 
had offspring with congenital ear abnormalities – a population-based case-control study. The 
Journal of Maternal-Fetal and Neonatal Medicine. 2011; 24:1107–1114. [PubMed: 21401310] 

Population-based Birth Defects Surveillance data from selected states, 2002–2006. Birth Defects Res 
A Clin Teratol. 2009; 85:939–1055.

Ramadhani T, Short V, Canfield MA, et al. the National Birth Defects Prevention Study. Are birth 
defects among Hispanics related to maternal nativity or number of years lived in the United 
States? Birth Defects Res A Clin Mol Teratol. 2009; 85:755–763. [PubMed: 19350653] 

Rasmussen SA, Olney RS, Holmes LB, et al. Guidelines for case classification for the national birth 
defects prevention study. Birth Defects Res A Clin Mol Teratol. 2003; 67:193–201. [PubMed: 
12797461] 

Hoyt et al. Page 11

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Rollnick BR, Kaye CI. Hemifacial microsomia and variants: pedigree data. Am J Med Genet. 1983; 
15:233. [PubMed: 6881197] 

Scribner R, Dwyer JH. Acculturation and low birth weight among Latinos in the Hispanic HANES. 
Am J Public Health. 1989; 79:1263–1267. [PubMed: 2764205] 

Shaw GM, Carmichael SL, Kaidarova Z, et al. Epidemiologic characteristics of anotia and microtia in 
California, 1989–1997. Birth Defects Res A Clin Mol Teratol. 2004; 70:472–475. [PubMed: 
15259037] 

Smithells RW, Newman CGH. Recognition of thalidomide defects. J Med Genet. 1992; 29:716–723. 
[PubMed: 1433232] 

Suutarla S, Rautio J, Ritvanen A, et al. Microtia in Finland: comparison of characteristics in different 
populations. Int J Pediatr Otohinolaryngol. 2007; 71:1211–1217.

Wall J, Jiang R, Gignoux C, et al. Genetic variation in Native Americans, inferred from Latino SNP 
and resequencing data. Mol Biol Evol. 2011; 28(8):2231–2237. [PubMed: 21368315] 

Weiss J, Kotelchuck M, Grosse SD, et al. Hospital use and associated costs of children aged zero-to-
two years with craniofacial malformations in Massachusetts. Birth Defects Research A Clin Mol 
Teratol. 2009; 85:925–934.

Yang J, Carmichael SL, Kaidarova Z, et al. Risks of selected congenital malformations among 
offspring of mixed race-ethnicity. Birth Defects Research A Clin Mol Teratol. 2004; 70:820–824.

Yoon PW, Rasmussen SA, Lynberg MC, et al. The National Birth Defects Prevention Study. Public 
Health Rep. 2001; 116(Suppl 1):32–40. [PubMed: 11889273] 

U.S. Department of Commerce Economics and Statistics Administration. US Census Bureau. The 
American Community—Hispanics: 2004. 2007

Zhang QG, Zhang J, Yu P, et al. Environmental and genetic factors associated with congenital 
microtia: A case-control study in Jiangsu, China, 2004 to 2007. Plast Reconstruct Surg. 2009; 
124:1157–1164.

Zhu J, Wang Y, Liang J, et al. An epidemiological investigation of anotia and microtia in China during 
1988–1992. Zhonghua Er Bi Yan Hou Ke Za Zhi. 2000; 35:62–65. [PubMed: 12768695] 

Zhu M, Druschel C, Lin S. Maternal birthplace and major congenital malformations among New York 
Hispanics. Birth Defects Res A Clin Mol Teratol. 2006; 76:467–447. [PubMed: 16933210] 

Hoyt et al. Page 12

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hoyt et al. Page 13

T
ab

le
 1

Se
le

ct
ed

 S
oc

io
de

m
og

ra
ph

ic
 a

nd
 A

cc
ul

tu
ra

tio
n 

Fa
ct

or
s,

 I
so

la
te

d 
A

no
tia

/M
ic

ro
tia

 C
as

es
 a

nd
 C

on
tr

ol
s,

 N
at

io
na

l B
ir

th
 D

ef
ec

ts
 P

re
ve

nt
io

n 
St

ud
y,

 1
99

7–

20
07

a .

C
on

tr
ol

s
C

as
es

n
(%

)
n

(%
)

P
 (
χ2

 t
es

t)
c

T
ot

al
b

84
35

35
1

M
at

er
na

l R
ac

e

  Non-Hispanic White














49
71

59
.0

11
9

33
.9

  Non-Hispanic Black














95
3

11
.3

9
2.

6
<

0.
01

  Hispanic






19

61
23

.3
19

4
55

.3

  Other



54

7
6.

5
29

8.
3

M
at

er
na

l A
ge

 (
ye

ar
s)

  <25


28
23

33
.5

13
0

37
.0

0.
73

  25–29



23

19
27

.5
90

25
.6

  30–34



21

22
25

.2
76

21
.7

  35+


11
71

13
.9

55
15

.7

M
at

er
na

l E
du

ca
ti

on
 (

ye
ar

s)

  <12


14
15

17
.0

10
5

30
.1

<
0.

01

  12


20
00

24
.1

87
24

.9

  >12


48
96

58
.9

15
7

45
.0

H
ou

se
ho

ld
 I

nc
om

e 
($

)

  <10,000





14
07

18
.8

86
27

.5
<

0.
01

  10,000–19,999









10

37
13

.9
66

21
.1

  20,000–39,999









18

33
24

.5
78

24
.9

  40,000+





32
08

42
.9

83
26

.5

In
fa

nt
 S

ex

  Female





41
40

49
.1

14
2

40
.5

<
0.

01

  Male



42

87
50

.9
20

9
59

.5

P
re

pr
eg

na
nc

y 
B

M
I 

(k
g/

m
2 )

  Underweight (<18.5)















43

8
5.

4
15

4.
8

0.
22

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hoyt et al. Page 14

C
on

tr
ol

s
C

as
es

n
(%

)
n

(%
)

P
 (
χ2

 t
es

t)
c

  Normal weight (18.5














≤ 
24

.9
)

44
55

55
.2

16
6

52
.9

  Overweight (25









≤ 

29
.5

)
18

41
22

.8
74

23
.6

  Obese (30+)









13

35
16

.5
59

18
.8

G
es

ta
ti

on
al

 D
ia

be
te

s

  Yes


56
7

6.
7

35
10

.0
0.

02

  No


78
68

93
.3

31
6

90
.0

F
ol

ic
 A

ci
d 

In
ta

ke
 (

B
3P

1)
d

  Yes


42
88

51
.1

12
7

36
.3

<
0.

01

  No


41
00

48
.9

22
3

63
.7

M
at

er
na

l S
m

ok
in

g 
(B

1P
3)

e

  Yes


15
27

18
.4

55
15

.7
0.

20

  No


67
85

81
.6

29
6

84
.3

A
lc

oh
ol

 I
nt

ak
e 

(B
1P

3)
e

  Yes


30
67

37
.1

10
9

31
.1

0.
02

  No


52
10

63
.0

24
1

68
.9

St
ud

y 
C

en
te

r

  Arkansas






10

64
12

.6
25

7.
1

  California








10
21

12
.1

90
25

.6

  Iowa



93

3
11

.1
17

4.
8

  Massachusetts









10

29
12

.2
30

8.
6

  New Jersey








57
4

6.
8

41
11

.7
<

0.
01

  New York






72

4
8.

6
22

6.
3

  Texas



99

6
11

.8
67

19
.1

  CDC/Atlanta









88

6
10

.5
18

5.
1

  North Carolina











59
4

7.
0

12
3.

4

  Utah



61

4
7.

3
29

8.
3

A
m

on
g 

H
is

pa
ni

cs
 O

nl
y

C
on

tr
ol

s
C

as
es

19
61

19
4

L
an

gu
ag

e 
M

ot
he

r 
Sp

ea
ks

 a
t 

H
om

e

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hoyt et al. Page 15

C
on

tr
ol

s
C

as
es

n
(%

)
n

(%
)

P
 (
χ2

 t
es

t)
c

  Spanish





11
64

62
.6

14
1

74
.6

<
0.

01

  English





69
5

37
.4

48
25

.4

P
re

fe
re

nc
e 

of
 I

nt
er

vi
ew

 L
an

gu
ag

ef

  Spanish





59
9

31
.3

69
35

.6
0.

23

  English





13
14

68
.7

12
5

64
.4

M
at

er
na

l B
ir

th
pl

ac
e

  U.S.



82

1
43

.1
61

31
.6

<
0.

01

  Mexico





86
4

45
.3

10
7

55
.4

  Other foreign-born














22
2

11
.6

25
13

.0

P
at

er
na

l B
ir

th
pl

ac
e

  U.S.



76

6
40

.9
60

31
.3

0.
02

  Mexico





88
5

47
.2

11
1

57
.8

  Other foreign-born














22
4

11
.9

21
10

.9

A
m

on
g 

M
ex

ic
an

-b
or

n 
H

is
pa

ni
c 

M
ot

he
rs

Y
ea

rs
 M

ot
he

r 
L

iv
ed

 I
n 

U
S 

at
 T

im
e 

of
 I

nt
er

vi
ew

  <5


24
4

33
.2

26
27

.4
0.

71

  5+


49
2

66
.8

69
72

.6

M
ot

he
r’

s 
A

ge
 a

t 
Im

m
ig

ra
ti

on
 f

ro
m

 M
ex

ic
o

  ≤
5

17
4

20
.3

14
13

.1
0.

08

  6+


68
5

79
.7

93
86

.9

A
m

on
g 

M
ex

ic
an

-b
or

n 
H

is
pa

ni
c 

F
at

he
rs

Y
ea

rs
 F

at
he

r 
L

iv
ed

 I
n 

U
S 

at
 T

im
e 

of
 I

nt
er

vi
ew

  <5


16
8

22
.2

10
10

.2
0.

01

  5+


58
8

77
.8

88
89

.8

a Su
bj

ec
ts

 d
ia

gn
os

ed
 w

ith
 p

re
ge

st
at

io
na

l t
yp

e 
I/

II
 d

ia
be

te
s 

ex
cl

ud
ed

.

b T
ot

al
s 

fo
r 

in
di

vi
du

al
 c

ha
ra

ct
er

is
tic

s 
m

ay
 v

ar
y 

du
e 

to
 m

is
si

ng
 d

at
a.

c A
ll 

p-
va

lu
es

 r
ep

or
te

d 
as

 tw
o-

si
de

d.

d D
ur

in
g 

th
e 

pe
ri

od
 f

ro
m

 th
re

e 
m

on
th

s 
pr

ep
re

gn
an

cy
 th

ro
ug

h 
th

e 
fi

rs
t m

on
th

 o
f 

pr
eg

na
nc

y.

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hoyt et al. Page 16
e D

ur
in

g 
th

e 
pe

ri
od

 f
ro

m
 o

ne
 m

on
th

 p
re

pr
eg

na
nc

y 
th

ro
ug

h 
th

e 
th

ir
d 

m
on

th
 o

f 
pr

eg
na

nc
y.

f A
s 

ba
se

d 
on

 th
e 

in
te

rv
ie

w
er

’s
 a

ss
es

sm
en

t o
f 

la
ng

ua
ge

 u
se

d 
fo

r 
th

e 
m

aj
or

ity
 o

f 
th

e 
in

te
rv

ie
w

.

N
ot

e:
 F

re
qu

en
ci

es
 f

or
 f

am
ily

 h
is

to
ry

 n
ot

 s
ho

w
n 

du
e 

to
 s

pa
rs

e 
da

ta
.

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hoyt et al. Page 17

T
ab

le
 2

Is
ol

at
ed

 A
no

tia
/M

ic
ro

tia
 A

m
on

g 
H

is
pa

ni
c 

an
d 

N
on

-H
is

pa
ni

c 
M

ot
he

rs
 S

tr
at

if
ie

d 
by

 S
el

ec
te

d 
So

ci
od

em
og

ra
ph

ic
 a

nd
 A

cc
ul

tu
ra

tio
n 

Fa
ct

or
s 

R
el

at
iv

e 
to

 

N
on

-H
is

pa
ni

c 
W

hi
te

 P
ar

en
ts

, N
at

io
na

l B
ir

th
 D

ef
ec

ts
 P

re
ve

nt
io

n 
St

ud
y,

 1
99

7–
20

07
a .

N
on

-H
is

pa
ni

c 
W

hi
te

H
is

pa
ni

c 
U

S-
B

or
n

H
is

pa
ni

c 
F

or
ei

gn
-B

or
n

C
as

es
/c

on
tr

ol
s

R
ef

C
as

es
/c

on
tr

ol
s

aO
R

 (
95

%
C

I)
e

C
as

es
/c

on
tr

ol
s

aO
R

 (
95

%
C

I)
e

T
ot

al
b

11
9/

49
71

61
/8

21
13

2/
10

86

M
at

er
na

l A
ge

 (
ye

ar
s)

  <25


25
/1

26
0

1.
0

45
/4

39
4.

45
 (

2.
24

–8
.8

3)
31

/3
08

5.
60

 (
2.

77
–1

1.
32

)

  25–29



29

/1
34

7
1.

0
9/

20
8

2.
62

 (
1.

05
–6

.5
4)

29
/2

47
6.

46
 (

3.
13

–1
3.

35
)

  30–34



34

/1
43

5
1.

0
6/

11
9

1.
03

 (
0.

35
–3

.0
5)

22
/1

67
1.

83
 (

0.
73

–4
.5

4)

  35+


27
/8

28
1.

0
1/

42
*

16
/7

9
4.

38
 (

1.
60

–1
1.

96
)

M
at

er
na

l E
du

ca
ti

on
 (

ye
ar

s)

  <12


5/
32

8
1.

0
16

/2
48

4.
36

 (
1.

34
–1

4.
20

)
52

/3
87

8.
28

 (
2.

64
–2

5.
95

)

  12


29
/1

05
2

1.
0

17
/2

45
2.

35
 (

1.
06

–5
.2

4)
22

/2
24

4.
03

 (
1.

94
–8

.3
8)

  >12


81
/3

49
0

1.
0

28
/3

15
2.

54
 (

1.
42

–4
.5

3)
24

/1
90

3.
98

 (
2.

29
–6

.9
1)

H
ou

se
ho

ld
 I

nc
om

e 
($

)

  <10,000





12
/4

02
1.

0
18

/2
60

1.
81

 (
0.

66
–4

.9
4)

28
/2

65
2.

83
 (

1.
07

–7
.5

2)

  10,000–19,999









14

/4
02

1.
0

12
/1

53
1.

87
 (

0.
68

–5
.1

6)
29

/2
01

3.
35

 (
1.

37
–8

.2
1)

  20,000–39,999









33

/1
14

9
1.

0
13

/1
78

2.
34

 (
1.

00
–5

.4
4)

22
/1

49
5.

06
 (

2.
37

–1
0.

80
)

  40,000+





53
/2

54
2

1.
0

9/
13

3
2.

32
 (

0.
97

–5
.6

0)
6/

75
3.

21
 (

1.
25

–8
.2

5)

In
fa

nt
 S

ex

  Female





41
/2

42
3

1.
0

28
/3

82
2.

94
 (

1.
54

–5
.6

0)
42

/3
98

5.
07

 (
2.

85
–9

.0
2)

  Male



74

/2
44

4
1.

0
33

/4
24

2.
36

 (
1.

35
–4

.1
4)

56
/4

02
4.

35
 (

2.
62

–7
.2

1)

P
re

pr
eg

na
nc

y 
B

M
I 

(k
g/

m
2 )

  Underweight (<18.5)















3/

25
5

1.
0

6/
37

*
4/

50
*

  Normal weight (18.5














≤-
24

.9
)

74
/2

84
8

1.
0

32
/3

98
2.

75
 (

1.
56

–4
.8

5)
42

/4
06

3.
69

 (
2.

22
–6

.1
3)

  Overweight (25









≤-

29
.9

)
19

/1
02

9
1.

0
12

/2
05

1.
82

 (
0.

71
–4

.6
5)

31
/2

26
5.

17
 (

2.
25

–1
1.

92
)

  Obese (30+)









19

/7
38

1.
0

11
/1

68
2.

98
 (

1.
08

–8
.2

0)
21

/1
19

8.
27

 (
3.

25
–2

1.
01

)

G
es

ta
ti

on
al

 D
ia

be
te

s

  Yes


6/
26

8
1.

0
5/

57
*

14
/8

8
7.

98
 (

1.
64

–3
8.

89
)

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hoyt et al. Page 18

N
on

-H
is

pa
ni

c 
W

hi
te

H
is

pa
ni

c 
U

S-
B

or
n

H
is

pa
ni

c 
F

or
ei

gn
-B

or
n

C
as

es
/c

on
tr

ol
s

R
ef

C
as

es
/c

on
tr

ol
s

aO
R

 (
95

%
C

I)
e

C
as

es
/c

on
tr

ol
s

aO
R

 (
95

%
C

I)
e

  No


10
9/

46
02

1.
0

56
/7

51
2.

44
 (

1.
57

–3
.7

7)
84

/7
13

4.
43

 (
3.

00
–6

.5
4)

F
ol

ic
 A

ci
d 

In
ta

ke
 (

B
3P

1)
c

  Yes


68
/3

09
8

1.
0

18
/2

58
2.

34
 (

1.
18

–4
.6

6)
21

/2
50

3.
38

 (
1.

78
–6

.4
1)

  No


47
/1

77
2

1.
0

43
/5

50
2.

92
 (

1.
69

–5
.0

3)
77

/5
51

5.
78

 (
3.

52
–9

.5
0)

M
at

er
na

l S
m

ok
in

g 
(B

1P
3)

d

  Yes


30
/1

13
2

1.
0

6/
11

5
1.

79
 (

0.
58

–5
.5

2)
10

/3
9

8.
23

 (
3.

15
–2

1.
48

)

  No


85
/3

73
8

1.
0

55
/6

93
2.

74
 (

1.
72

–4
.3

5)
88

/7
62

4.
46

 (
2.

93
–6

.7
9)

A
lc

oh
ol

 I
nt

ak
e 

(B
1P

3)
d

  Yes


52
/2

21
6

1.
0

22
/2

47
2.

52
 (

1.
24

–5
.1

5)
16

/1
57

3.
01

 (
1.

49
–6

.0
8)

  No


63
/2

65
4

1.
0

39
/5

61
2.

82
 (

1.
66

–4
.8

0)
82

/6
44

5.
69

 (
3.

58
–9

.0
3)

a Su
bj

ec
ts

 d
ia

gn
os

ed
 w

ith
 p

re
ge

st
at

io
na

l t
yp

e 
I/

II
 d

ia
be

te
s 

ex
cl

ud
ed

.

b T
ot

al
s 

fo
r 

in
di

vi
du

al
 c

ha
ra

ct
er

is
tic

s 
m

ay
 v

ar
y 

du
e 

to
 m

is
si

ng
 d

at
a.

c D
ur

in
g 

th
e 

pe
ri

od
 f

ro
m

 th
re

e 
m

on
th

s 
pr

ep
re

gn
an

cy
 th

ro
ug

h 
th

e 
fi

rs
t m

on
th

 o
f 

pr
eg

na
nc

y.

d D
ur

in
g 

th
e 

pe
ri

od
 f

ro
m

 o
ne

 m
on

th
 p

re
pr

eg
na

nc
y 

th
ro

ug
h 

th
e 

th
ir

d 
m

on
th

 o
f 

pr
eg

na
nc

y.

e A
ll 

m
od

el
s 

ad
ju

st
ed

 f
or

 th
e 

fo
llo

w
in

g 
ch

ar
ac

te
ri

st
ic

s 
(u

nl
es

s 
th

e 
fa

ct
or

 h
as

 b
ee

n 
st

ra
tif

ie
d 

on
):

 m
at

er
na

l p
re

pr
eg

na
nc

y 
B

M
I 

(k
g/

m
2 )

 (
un

de
rw

ei
gh

t, 
no

rm
al

 w
ei

gh
t, 

ov
er

w
ei

gh
t, 

ob
es

e)
, a

ge
 (

<
25

, 2
5–

29
, 3

0–
34

, 3
5+

 y
ea

rs
),

 e
du

ca
tio

n 
(<

12
, 1

2,
 1

2+
 y

ea
rs

),
 f

ol
ic

 a
ci

d 
(3

 m
on

th
s 

be
fo

re
 to

 1
 m

on
th

 a
ft

er
 c

on
ce

pt
io

n)
, g

es
ta

tio
na

l d
ia

be
te

s 
(Y

es
/N

o)
, s

m
ok

in
g 

(1
 m

on
th

 b
ef

or
e 

to
 3

 m
on

th
s 

af
te

r 
co

nc
ep

tio
n)

, a
lc

oh
ol

 
in

ta
ke

 (
1 

m
on

th
 b

ef
or

e 
to

 3
 m

on
th

s 
af

te
r 

co
nc

ep
tio

n)
 a

nd
 s

tu
dy

 c
en

te
r.

* E
st

im
at

es
 n

ot
 r

ep
or

te
d 

du
e 

to
 in

st
ab

ili
ty

 in
 th

e 
m

ea
su

re
 o

f 
as

so
ci

at
io

n.

N
ot

e:
 E

st
im

at
es

 f
or

 f
am

ily
 h

is
to

ry
 a

nd
 s

tu
dy

 c
en

te
r 

no
t s

ho
w

n 
du

e 
to

 s
pa

rs
e 

da
ta

.

aO
R

=
ad

ju
st

ed
 o

dd
s 

ra
tio

s;
 9

5%
C

Is
=

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

s.

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hoyt et al. Page 19

T
ab

le
 3

A
dj

us
te

d 
A

ss
oc

ia
tio

ns
 o

f 
Is

ol
at

ed
 A

no
tia

/M
ic

ro
tia

 w
ith

 S
el

ec
te

d 
M

at
er

na
l A

cc
ul

tu
ra

tio
n 

an
d 

Im
m

ig
ra

tio
n 

Fa
ct

or
s 

fo
r 

H
is

pa
ni

cs
 O

ve
ra

ll 
an

d 
M

ex
ic

an
s,

 

R
el

at
iv

e 
to

 N
on

-H
is

pa
ni

c 
W

hi
te

 P
ar

en
ts

, N
B

D
PS

, 1
99

7–
20

07
a

A
cc

ul
tu

ra
ti

on
/I

m
m

ig
ra

ti
on

 F
ac

to
rs

C
as

es
C

on
tr

ol
s

A
dj

us
te

d
O

dd
s 

R
at

io
b

95
%

 C
on

fi
de

nc
e

In
te

rv
al

n
%

n
%

T
ot

al
c

35
1

84
35

M
ot

he
r 

an
d 

fa
th

er
 w

hi
te

, n
on

-H
is

pa
ni

c 
(R

ef
er

en
t f

or
 a

ll 
an

al
ys

es
)

10
1

43
78

1.
00

R
ef

er
en

t

P
re

do
m

in
an

t 
L

an
gu

ag
e—

H
is

pa
ni

c 
M

ot
he

rs

Pr
ed

om
in

an
t l

an
gu

ag
e 

at
 h

om
e 

is
 E

ng
lis

h
48

31
.0

68
8

43
.9

2.
61

1.
66

–4
.0

8

Pr
ed

om
in

an
t l

an
gu

ag
e 

at
 h

om
e 

is
 S

pa
ni

sh
10

7
69

.0
87

8
56

.1
4.

86
3.

25
–7

.2
9

P
re

fe
re

nc
e 

of
 I

nt
er

vi
ew

 L
an

gu
ag

ed
—

H
is

pa
ni

cs
 M

ot
he

rs

In
te

rv
ie

w
 la

ng
ua

ge
 is

 E
ng

lis
h

10
5

66
.9

11
80

74
.8

3.
34

2.
25

–4
.9

7

In
te

rv
ie

w
 la

ng
ua

ge
 is

 S
pa

ni
sh

52
33

.1
39

7
25

.2
5.

72
3.

55
–9

.2
0

Y
ea

rs
 S

in
ce

 I
m

m
ig

ra
ti

on
 f

ro
m

 M
ex

ic
o—

H
is

pa
ni

c 
P

ar
en

ts

U
.S

. B
or

n
40

44
.9

44
9

61
.3

2.
77

1.
58

–4
.8

7

M
ex

ic
o 

bo
rn

, 5
+

 y
ea

rs
 in

 th
e 

U
ni

te
d 

St
at

es
44

49
.4

22
3

30
.4

6.
61

3.
72

–1
1.

76

M
ex

ic
o 

bo
rn

, <
5 

ye
ar

s 
in

 th
e 

U
ni

te
d 

St
at

es
5

5.
6

61
8.

3
3.

08
1.

10
–8

.6
3

Y
ea

rs
 S

in
ce

 I
m

m
ig

ra
ti

on
 f

ro
m

 M
ex

ic
o—

H
is

pa
ni

c 
M

ot
he

rs

U
.S

. B
or

n
61

46
.2

80
8

60
.4

2.
71

1.
70

–4
.3

0

M
ex

ic
o 

bo
rn

, 5
+

 y
ea

rs
 in

 th
e 

U
ni

te
d 

St
at

es
53

40
.2

37
9

28
.3

5.
05

3.
07

–8
.3

1

M
ex

ic
o 

bo
rn

, <
5 

ye
ar

s 
in

 th
e 

U
ni

te
d 

St
at

es
18

13
.6

15
1

11
.3

5.
05

2.
65

–9
.6

3

A
ge

 a
t 

Im
m

ig
ra

ti
on

 f
ro

m
 M

ex
ic

o—
H

is
pa

ni
c 

M
ot

he
rs

U
.S

. B
or

n
61

44
.2

80
7

56
.8

2.
68

1.
69

–4
.2

5

M
ex

ic
o 

bo
rn

, A
ge

 o
f 

im
m

ig
ra

tio
n 

by
 a

ge
 5

8
5.

8
13

4
9.

4
2.

15
0.

94
–4

.9
1

M
ex

ic
o 

bo
rn

, A
ge

 o
f 

im
m

ig
ra

tio
n 

af
te

r 
ag

e 
5

69
50

.0
48

1
33

.8
5.

67
3.

53
–9

.1
1

a Su
bj

ec
ts

 d
ia

gn
os

ed
 w

ith
 p

re
ge

st
at

io
na

l t
yp

e 
I/

II
 d

ia
be

te
s 

ex
cl

ud
ed

.

b A
ll 

m
od

el
s 

ad
ju

st
ed

 f
or

 th
e 

fo
llo

w
in

g 
ch

ar
ac

te
ri

st
ic

s:
 m

at
er

na
l p

re
pr

eg
na

nc
y 

B
M

I 
(k

g/
m

2)
 (

un
de

rw
ei

gh
t, 

no
rm

al
 w

ei
gh

t, 
ov

er
w

ei
gh

t, 
ob

es
e)

, a
ge

 (
<

25
, 2

5–
29

, 3
0–

34
, 3

5+
 y

ea
rs

),
 e

du
ca

tio
n 

(<
12

, 1
2,

 1
2+

 
ye

ar
s)

, f
ol

ic
 a

ci
d 

(3
 m

on
th

s 
be

fo
re

 to
 1

 m
on

th
 a

ft
er

 c
on

ce
pt

io
n)

, g
es

ta
tio

na
l d

ia
be

te
s 

(Y
es

/N
o)

, s
m

ok
in

g 
(1

 m
on

th
 b

ef
or

e 
to

 3
 m

on
th

s 
af

te
r 

co
nc

ep
tio

n)
, a

lc
oh

ol
 in

ta
ke

 (
1 

m
on

th
 b

ef
or

e 
to

 3
 m

on
th

s 
af

te
r 

co
nc

ep
tio

n)
 a

nd
 s

tu
dy

 c
en

te
r.

c T
ot

al
s 

fo
r 

in
di

vi
du

al
 c

ha
ra

ct
er

is
tic

s 
m

ay
 v

ar
y 

du
e 

to
 m

is
si

ng
 d

at
a.

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hoyt et al. Page 20
d A

s 
ba

se
d 

on
 th

e 
in

te
rv

ie
w

er
’s

 a
ss

es
sm

en
t o

f 
la

ng
ua

ge
 u

se
d 

fo
r 

th
e 

m
aj

or
ity

 o
f 

th
e 

in
te

rv
ie

w
.

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2016 January 09.


